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Abstract 
A seawater inlet with a surface area of 6 km2 was assessed for the potential to be used as a 100 MW, low head, high flow, sea 
water pumped hydro energy storage system. The capital cost was estimated to be recouped after a number of  years and the plant 
has a predicted energy storage capacity of 320 MWh. 
National and international policies are driving the increased penetration of solar and wind energy onto the electricity networks, in 
an effort to reduce carbon emissions. Transmissions System Operators depend on ancillary services such as spinning reserve 
from thermal generators or pumped hydro systems to enhance grid stability. The increased penetration of renewable energy onto 
the electricity grid is driving a demand for greater capacity in the area of energy storage. 
This research presents a case study, which is a technical and economical appraisal of using an inland sea water reservoir to store 
energy. This project involves building a seawater dam around an existing natural inlet, and placing turbines at the mouth of the 
inlet. As part of the study an evaluation of current pumped hydro, seawater storage, and tidal barrages was carried out. The 
optimum design of the low head, high flow rate seawater energy storage facility was determined for the seawater inlet and 
different scenarios for the optimum head and flow rates are presented for analysis.  
Using low-head, high-flow seawater storage near the coast, greatly reduces the danger of contamination of inland freshwater 
supplies, thus reducing the environmental impact of pumped seawater energy storage.  
This research indicates that sea water pumped hydro energy storage with a high flow rate and low head is technically and 
economically feasible for increasing the ability of national grids to allow high penetration of intermittent renewable energy. 
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1. Introduction 
This paper presents a technical and economical appraisal of using an inland sea water reservoir to store energy. 
National and International policies are increasing the pressure on countries to introduce higher levels of intermittent 
renewable energy sources, in an effort to reduce carbon emissions. Consideration must therefore be given to the 
effects of increasing renewable energy penetration on a synchronous grid. 
Pumped Hydro Energy Storage (PHES) facilities play a vital role in allowing Transmission System Operators 
(TSO) to provide the ancillary services such as spinning reserve, reactive power and black start required by a 
synchronous grid. Although traditional PHES is a mature technology, it is expensive to construct and the payback 
periods can be too long to encourage investment from private investors. With this in mind it would seem prudent to 
investigate other options to provide the required storage. 
Sea water Pumped Hydro Energy Storage (SPHES) is one such option for providing the energy storage that will 
surely be required in the coming years. The main benefit of using a sea water system is the use of the sea as the 
lower reservoir, thereby reducing construction time and costs. The primary purpose of this research is to establish 
the technical and economic viability of using an inland bay as an upper reservoir and the sea as a natural lower 
reservoir in a sea water pumped hydro storage plant. 
 
2. Methods 
The site chosen for assessment in this paper was located in Dundrum in Northern Ireland. Dundrum is a small 
village, located along the Mourne coastal Route in Co. Down. It is a small sheltered bay approximately 6km long 
and 1.4km at its widest point. With the exception of the entrance channel the entire inner bay is intertidal. Three 
main rivers flow into the bay, the Blackstaff, the Carrigs and the Moneycarragh [1]. 
3. Site Assessment 
The assessment of this site is based on information and the methodology from the Irish Department of Industry & 
Energy [2]. The first step was to perform a rapid assessment of the power potential of the site. This low cost 
measure will help to determine whether or not to proceed with further investigations. 
3.1. Area of Reservoir 
Using a map of the bay, plotted on a grid with 13 mm squares, each square representing 0.5 km2, the total area of 
the reservoir was obtained by counting the full squares and parts of squares [2]. The resulting area was 6 km2. 
3.2. Flow & Power Capacity 
Flow is the volume of water passing through a turbine and is measured in cubic meters per second (m3/s)[2]. 
Power capacity is essentially the product of flow and head. If the head height doubles the flow could half in value 
and the power capacity would remain the same. Figure 1 shows the expected flow rates for different values of head 
heights. 
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Figure 1: Comparison of Flow Rates and Head 
 
 The flow for this system was calculated using the following formula: 
 
ܲܿ ൌ ݌݃ܳܪߟ݌   [3] 
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Where: 
PC = Power Capacity in Watts 
p = Mass density of sea water in kg/m3 
g = Acceleration due to gravity in m/s2 
Q = Discharge through the turbines in m3/s 
H = Effective head in metres 
ηp = Pump Efficiency 
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4. Dam & Hydraulic Head 
The head for this type of system will need to be created by building up an artificial dam around the outer edge of 
the bay. As the dam height is in excess of 4m, the type of dam proposed is a zoned embankment dam. The primary 
reason for choosing this type of dam is its flexibility to different foundation conditions and it can accommodate a 
variety of fill materials, which may be locally sourced thus reducing cost and time delays associated with 
transportation.[4].This type of dam construction is highly sensitive to design and construction and consultation with 
experienced civil engineers is essential. For the proposed system the reservoir will be built with a depth of 4 m and a 
minimum head of 6 m. It should be noted that the head will change at high and low tides and this will need to be 
factored in to the final design.  
 
 
Figure 2: A zoned embankment dam with moraine core [4] 
5. .Turbine 
Turbines are chosen for their suitability based on available head and flow rates as shown in 
Figure 3. 
 
Figure 3: Turbine Selection Chart [5] 
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The proposed turbine for this system is a 10 MW bulb turbine, used at La Rance Barrage in France [6].  
The primary reasons for this are that the turbines in La Rance have lasted in excess of 40 years in saltwater, they 
can operate at low head and high flow rates, in addition using a number of 10MW turbines will allow the plant 
output to be easily controlled. The flow through each turbine is calculated as follows: 
 
߷ ൌ ܲܥ݌ ൈ ݃ ൈ ܪ ൈ ߟ݌  
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Figure 4: Mean Flow at Head of 6m 
 
Taking a nominal head of 6m and a generator efficiency of 80%, the proposed system would have a mean flow of 
206.58 m3/s. Based on a preliminary design using 10 turbines; the system would have the following specification as 
shown in Table 1. 
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Table 1: Plant Specifications 
Item Specification 
Power Plant 
Name Dundrum Bay Power Plant 
Max Output 100 MW 
Max. Discharge 2066 m3/s 
Effective Head 6 m 
Upper Reservoir 
Type Rubber Sheet - Lined 
Max. Embankment Height 7 m 
Circumference 13.3 km 
Max Width 6 km 
Total Storage Capacity 24 X 106 m3 
6. Plant Operating Time 
Depending on the requirements of the grid at any particular time, the output of the plant can be easily controlled 
by switching turbines in or out. This flexibility will be useful as the plant will be capable of proving primary, 
secondary or tertiary reserve at different power ratings. Figure 5 shows the different options available, with the 
proposed maximum output highlighted. The plant will be able to provide 10 MW output for up to 32 hours. At 
maximum output the plant could provide 100 MW for 3.2 hours. It can be seen from the information contained in 
Table 2 that the installation of this plant would significantly increase the current levels of hydro operating reserve on 
the island of Ireland. 
 
Table 2: Current Hydro Operating Reserve in Ireland [7] [8] 
Type of Reserve Available Power (MW) Required Time 
Primary 3 0 – 15 sec 
Secondary 35 15 sec – 90 sec 
Tertiary 55 90 sec – 24 hrs. 
 
It should be noted that the time frames and definitions shown in Table 2 apply only to the Irish electricity system, 
which is a small island based system, comprising of a few large generators and one pumped storage facility. The 
Irish system is particularly sensitive to frequency excursions, hence the rapid timescales shown here. These 
timescales would not apply to larger interconnected electricity systems and as such each proposal would need to be 
considered on its own merits. 
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Figure 5: Plant Output and Operating Times 
7. Results 
The majority of PHES proposed and completed projects across Europe between the years 2000 and 2020 have a 
cost per kW of €500 - €1500 [7]. It is expected that the Dundrum Bay project would come in at the lower end of this 
scale due to the lower expected costs associated with a single reservoir construction. For the purpose of this study a 
midpoint figure of €1000 per kW is used. This would result in an initial capital cost of €100 million. Connolly [8] 
Suggests that annual O&M costs would be in the region of 1-2% of the capital cost, again in this study the midpoint 
level of 1.5% is used. A discount factor of 6% has been used to allow for loan repayments and a useful life of 40 
years has been allowed for. Petcova [9] suggests that the cost to the TSO for ancillary services during the period that 
Ireland’s pumped storage facility was offline was in excess of €80 million for a 292 MW facility. The proposed 
project is a 100 MW plant, which based on those figures and assuming a linear relationship between power output 
and cost, would provide an income in the region of €27 million. These estimates would seem quite high and with 
this in mind the next step was to try and estimate the potential earnings of the plant were it to be operated as a 
conventional generating plant. Taking a daily average for May 2nd 2013 and applying it for a whole year, the Single 
Market Price (SMP) for night time pumping between the hours of 12:00am and 06:30am is €38.70 per MWh and an 
average day time price for generating between the hours of 06:30am to 12:00am is €59.80 per MWh[10]. This 
scenario is allowing for the plant to operate at maximum output of 100 MW for 3.2 hours per day at an overall 
efficiency of 80%. This equates to one full cycle per 24 hours. This would give an annual pre tax income of €4.3 
million. 
These figures are presented only to be used as a guide to the financial feasibility of such a proposal and any 
similar proposal should be assessed on individual merit. Figure 6 shows the minimum income required for the 
project to break even over 40 years. These figures assume a very short build time of 1 year and loan repayment rate 
of 6% 
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Figure 6: Required Income 
 
Figure 6 shows a comparison of the two income estimates, with the minimum income of €8.1million required to 
break even over the useful life of the plant. 
 
8. Discussion 
That PHES is a tried and trusted technology, there is little doubt and furthermore it is the authors’ opinion that 
more energy storage capacity will be required in the near future to facilitate the integration of renewable energy 
sources onto synchronous grids. The application of a PHES plant to provide ancillary services to grid operators 
would seem to be a profitable endeavour for a generator onto the Irish grid based on the figures discussed. These 
figures however would be unlikely to apply on larger interconnected grids. Looking at the analysis of the figures 
taken from the SMP model, it would seem that this particular model is not financially attractive based on the 
assumptions made herein. 
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9. Conclusion 
All the current research points to the fact that some form of large scale energy storage is required to enable the 
integration of large amounts of renewable energy on to the existing national grids. PHES is technically viable when 
using a high volume, low head saltwater system, one question that has not been conclusively answered is whether or 
not PHES is financially viable from an investor’s point of view as things currently stand. However it may be 
necessary for governments to adopt a part funded approach to ensure long term grid stability. Further studies include 
investigation of the exact construction costs and technology involved in the construction of such a system. In 
addition, considerable work is required to produce a more accurate financial model than the one presented here. 
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